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immsmction 
Anaijftioal oliMitttrr i« that %r«0eh of •oi»ne# whioH 
Afkals with tbe iiriiwiplea cod t«ebiii(|ii9« of th# irarioat Muttio^s 
of AotomiaatioK, ilotoottoa and aafaratioa of aubataooas. It 
ia» tbi>r«fora, of a firadaaaotal i«|>ortanoa« Aaalytleal aathoda 
•ay bit b*9th iaatramiintat and «oii-ioatrtt«i»nt«t. Alihoagb tb^ 
foraar b<tv# a graat fot#ni la l la tba aodam taoluioloiy« tb« 
ta t t#r bava tbair ioiiortaiioa baoanaa of ti»o raaaona. Firat ly , 
tbay ara eb4»a^ar a a ooooarod to tba inatra«aiital ttatbod* and 
aaoondty, tb4»y for* tba baaia for tba atAndardisatioo of any 
ioatronwiit aad banoa ar# nlvaya mfarior io aooaraoy. 
Sao«i^^toB t« ^^ff f irat ataa la an analytloat prooadur#. 
Tba varioua aatboda i^iob art ganaratty uaod for aaeb a ^roote 
ara tba foltovingi 
< 1) Oiroantoirapby 
(2) toa osebaofsa 
(3) Praeloitation 
(k) Solvaat astrootion 
(5) tlaetrodapoaitton 
(6) n ia lyaia 
(7) eiaotroebroBAtografiby. 
Out of tbaaa abova owntionad aafMirat&oa Motboda, 
obroaatograyby la tba noat axtanalYaty «aad taohniqaa. In i t ia l l y 
obroHtttocrafrtiy, »9 tba naa« iBiptlaa« vaa aaad for tba aaoarat&on 
of «otottr«6 sabstanoes. But ooir->a-day« i t i s usffd for both t!i<* 
oolottrnt? And coli>url#«e mib«tane#«« Thi8 t«Msliaiqu<» ean b# 
tttilistpMl to •«»pnr<iif' a l l typus of iKil#ottl#s rmagim fnm tbp 
muBllt^mt i^nt^o) ^^ ^^* bifR^tt (protmina, ouel«lo Jioldt), i t s 
•oot siffnifio^nt fftatur^ i s tbat tb» qaantitift* as Hsnll »« in 
th» piooii^w raiiff^ ens b# «#paratf»d aed d#t#«t«d. 
Th» hiatfiry of ebrowatography ia not v«»ry old. th^ 
orit inaior of ohronatography vaa a Ruaaiaa Botaniat, MieHai>l 
T»w«>tt (1) who f irat a#paratffd aad iaolatod tbi> gn^mn and 
y#llow oHloroplaat pignpnts by oolaflm adaarptioa ohrowatoiraphy 
in i*?*^. Th# k#y f*>atur#t of Tawftt'a t^ohaiqua w«»r# th»» 
applieatioa of th** ninturi^ as a aarrow i a i t i a l «ona and th«> 
d<avalop«i#at of tb# ebrovatofram by tb<» applieatioa of « fr^sh 
•olTant, Bis «(»tb9d baa, bow#Vf>r, b#«>a iiodifiad in «any vaya 
raaultint in th# diff*»rinit typ4»a of obrowatofraphy, a a 
siinmiariK<»d in Tabl^ 1. 
On tha beaia of tha abova e laaaif ieat ian a Lif^id-Soli<i 
CbrofitatofirapHy eoataininf an ion axohaapar aa tba stationary 
pbaaa, can ba tarma^ as Ion D x^ohaagi* Cbrowatograpby. Ion axebanir^ 
i s aot of a rao^at origin. I t s rafaranea oan ba fonad in Holy 
Bibla wbiob astabliabas Mosas* priority, who saoeaadad in 
praparlnn driakinir watar from braekish watar by an ion axen«inia 
wathod. Tba racognition of tha pbanoitaaon of ion astchanpra i$ 
iaaarally attributad to I'boapsoa (2) aad %ay (3) who ra|K>rt#d 
in 1850 that whan a soi l i s traatad with aitbar ansKiniiMi 
I 
90 
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at 
wyilfat* or aammlua earb<Miat« nott of th« amnoaia waa adsortoffd 
aa<1 ealoioa rol<»aa«d. I t was l « t# r provad %y ^ tohorn (%} that 
tli« aaaorpti<Mi of iona f r o * ground vatara by elaya eonatitytas 
a r#ir<»ralM «i) roaot&en. 
OoaKi<»rei»«1 4air«lo|iii«iit b^gAa about 60 yoara la ta r whan 
Gana (5) ayntbaalsad w i t a r U l a frov e lay, wanS and aodia* 
oarbonatif. HovaTar» natural seolltaa wiati aa gr«»«aaaiid ware 
tha f i r a t to ba axtanaivaly uaad on an Induatrial aoali*. The 
f i r a t •fipti<>"tien of ion esehamea vera for tha iNtrooaa of 
aoftaainiK vatc>r» ulian OHielun vaa ranovad fron watar and an 
equivalaitt aaouat of aodiun ralaaaad. Boouuaa of tha t in l tad 
a>ehaaga eauaclty of tha natural saoli taa, acfuifNaant had to bn 
larga and ragenaration vary fraoaant «^an aoftanlai a I area 
(Quantity of hard watar. 
In 1039 Adana and Bolnaa (6 ) aynthaatsEod th4» f i r a t 
raainoua typa of a oation oaobanga prodoet fron pbanol and 
fomaldahyda. La tar , B'Alelio synthaalaad raalna fron 
yreforaM^d no^Tatyrana (?)• Tbaaa raaina vara th« for«runn<»ra 
of tha eorrantly availabla Una of aolyatyrane raaina vhioh 
hava a high ohawioal and nMKihanienl a tab l l i ty in addition to 
tha widi> 1^ ranfa of thair ai i f i l ioabil i ty. 
Tha fUndammtal firineiptaa nndarlying a l l ion asohanga 
•fq>lioatioaa ara baaad on a f4*v siMfila faeta involving thf 
axehaimi* raaetiooat 
(1) Equlval«»nc#» of #xeh«nf«, 
(2) S#l#ct lvlty or af f in i ty pr<»f«r#iie«« of th#» •xchanff^r for 
onp Ion ri>lativ» to another,inoludlni e«t«ft in wtiich thf> 
differing off i n i t i o s of th# Ions ar«» saodifi«d by tho usr 
of oo«pl#«inf; or cbMatlnp afmito, 
(3) Donnan •icRluaion * the ^ti i l i ty, uao^r most eondltlons, 
of th# r«>sin to exotuda Ions but not, in ganar?*!, 
undissociatad subatancas, 
(h) Soraaninf affaot - tha inabi l i ty of vary lanja ions or 
poly«ara to ba abaorbad to an appraciabta axtant. 
(?) Diffaranoas in nifret ion rataa of adaorbad aubatnncas 
do»*n a eolnmn - primarily a raflaction of dlffarancaa 
in a f f in i ty . 
(6) Ionic «»ioblllty raatrlctad to tha axohamgaabla iona and 
eountar iona only. 
(7) »*iacallanao«a - awalltng, anrf.'tca araa and other 
waebanioal propartiaa. 
If an ion axehanear oontaininf axebancaabl»»*'»'tons 
i s broufht into contact witt? a solution containing'llHona then 
tha ^TxHtrnptP proeaaa way ba rapraaantad at balowt 
••^  • n ^ " • ^ B • A 
(Rarrad ayiabols ianota awshnnfar phaaa). 
I t ia a ravaraibla procaaa and an aquilibriun la 
airantoally aat up in which aowa of tba ions i n i t i a l l y prasant 
in t h e «»jielifmF<»r hovf b#«n rf»placi»tJ by B* i o n s frow tli^ s o l u t i o n . 
fhft n a t u r e of an Ion ftstchmi^er « l so e f f e c t s tf>*» 
8#»l«»c11vity In tvo waya - i t i s 9ff<»ct«<? by th** no tu r# of thp 
f i i nc t ion i l aroup rmd hy th*» d#f;r#*« of o ross l inSt tn t of Vn^ 
#xoh«n{f#»r. T^ 'xch mfe r* con ta in ing w<»skly a c i d i c «nd w**«tely 
b??sic jBrraup?! nrp h i r h l v soti»ctivi» to»«r»3«« hyclrog«»n iorns nnd 
hydroTvl i o n s . Ion ftitohfrne^ris c o n t « i n i n f pjroups *rhteh mrf 
capab]#> of ooi»r*l#»x forfiB.'»tlon with p a r t i c u l « r t o n s wi l l adisjorl* 
th»»«*' lonii «or*» s t ron i r ly . I f th# ai»fr«»«» of c ros i i l tnk tnp 
lncr«»n«f»«i th<» «»!«>haMB:<»r bi»ciow«»s wor*» ««»l«»etiv*' in ttin»lr 
b«»hnvi»ur towar«!» Ions of dlffere-at s iaffs , "in iner«»ffl8*' in 
crofi»\inkine. n\no decr*'a«es awwlling of thi» a a t r l x of tf**-
"k|»'irt fro« i t s well knavn »|»|/lic{ttlons i n loor^» »ntc 
aoi»lv«#»s, ion e^chtngc? pheooaieni^n i n al sio a p p l i c b ! * t o tb<> 
n n a l y s l s of btoloffiCJl sMibit-'ne**. A mttn e o n t ^ i n s pps'ro?rlrt(«tp|v 
one Inkh d i f f e r e n t k inds of p r o t e i n s «Brt no one Imows hov Kijsnv 
»i l ffer»nt k inds of ctwipounds. The in fo rwa t ion about the 
bii»1offle>! 3vstew» l i e s i n t h e s e w o l e c u l e s , t he sep . ' r a t ion of 
which i s e s s e n t i a l f o r unders t mdln€ the ph^nomenun of llviri*^, 
l .nck i ly , blolopic""! w?»cro wolecjules l i k e p r o t e i n s , nuGl«»io 
nctd"*, oowplejc ps lysaechAr ides e t c , s r e charged ( ' ) ) , lotrod»M-'~ 
t ioR of thp ton exchange tecbotqi ie fo r t he s e p a r a t i o n of .mlou 
f^oids d o ) \<*<l to t h e phftoo^ennl development o f b i a l u g y . I'n^ 
exchsaif?* rfSiis* w*»re t h e f i r s t ton exchange wf t te r ia l s used for 
th»» i»t|>8ration of b l o l o t i o il w o l r c u l e s . S«v«»ral t#ohni'iu*'s 
llk«» i»l«»ctrophor<*8l», ir«l f i l t r a t i o n P t e , hav*» nlmo b<»f»fi 
•••«t«»o»lv*'ly i»«ploy#<l fo r bloloi le^^l systwit t . Th? cowbinntloti 
of Ian *»x«rhimsj# with such t«»chiilqu«»8 l e d t o thp d<»vpi1op8»*nt a^ 
i ^ r # powfrfol t o o l s for such B<»pafi»tlon, For «s8«f>l^, <»l*'ctro~ 
phor«»«i9 on Ion OTtchnnf** c*»ll«lo8i» pnp«r8, ee l f i l t r a t i o n 
tHroufh Ion exehanR«»r nephfidex, aephHroB** «»tc. ( H ) . 
\lt^^otte^ o r f ^ a l c r e s l n n rare e x t e n s i v e l y ut l l l jce i l In 
iBedler'l nml blochesslo.^l f i e l d s , t b e l r u t i l i t y l a not «ood at 
«levnfefi feisper?^tares «nd In prwsence of str.»nf r f«dl«t lons , «» 
t»ii»y ^r*» not «9f jb le ender such e o m l l t l o n s . For thl© reosoM 
nn lnt«*re«t i*n« reiflved In I n o r e m l c Ion exchonfifc* woteri«<l8. 
The us** of ««ch s a t e r l n l s fo r ion exchange sepftrt i t lons has b^tm 
irnlnlnir poTHslfTlty 0 £ » 1 3 ) . S y n t h e t i c Inorg 'mio Ion e"Keh«a«*r« 
naay be clJ»«sifi*»d I n t o t h e follovlnir, s i s p r i n c i p a l s roupas 
(1 ) fnsolttbl** «cld s a l t « of p>lyYa1«»nt p e t R l s . 
( ? ) Fyf1tr»»t?« axld4»M of pa lvv^ len t naetals , 
i"^-) Sn i t ^ of b^t«»n.ipoly aoifls , 
ik) I n s o l u b l e H#5rBcyanoferr«te8(n ) . 
f^) Syn the t i c «l»3wlno s l1 lCAte». 
(6 ) Mlficell»n'»o«8 I n o r f ^ n i c eiwjhanirers e»K, wercflrblile s n l t ^ 
and potassluH po lyphospha tes . 
I n s o l u b l e ?»eld s n l t s of po lyva len t meta l s ,iirf» pradocf*f! 
bv cof«l«iraln# thi» otliie»s >f arotip I I I , IV, V ami VI of the 
p e r i o d i c t-^ble. Such Bf.iterials have been prepared by s l x l n c 
phosphor ic , ' ^ r s ' ^ l c , w»lybdlc , tunntn t ic , an t loon io and v«n»<Hft 
ncliin i»lth srireonluK, t i t a n l u e , t i n , thor luw, ctriuiR, I r a n , 
af^roKlun, niobium, tantn tu tn , bluatuth, nlckf>t, c o b a l t i>te. 
Tlifse i!iat«»rlnl» In ac id 80 la t lun« stiow i %'PVJ high s f ' I f o t t v l t v 
fo r heavy al!e?ilt «e t» l i i ( 1 ^ , 1 5 ) . Our main umpbasls w i l l h«» an 
th<!» t a l i s af polyirBl<»iit «i»t'<ls a s they possess much s s t iBfac t ' i r v 
Ion eitclinne^' prop*»rtl«»B, Oth#r sa0t«>rial« a s urany! hyilroir<»n 
phosphiitf' ( 1 6 , 1 7 ) , «ang«n#«*flV) o x i h y d r a t e ( i s ) , g t a o u c 
phonphat** ( 1 ^ ) , iluwiooslllcJE^tf (l>ecal»o) | 2 0 ) , and c l ay 
miaf*r^l9 (2i) ?^re «il»o uj»i»<l fo r th*» 9*pari»tlon of ca*'»l0K by t 
c a t i o n fsctirmffp tB*»ehBnlsw, Isip i r t ' in t «dvniri0fs In t h i e fl«»ld 
h«v<~ hf*nn r^vi «*>'*»<1 by a nowbpr of Kork«»rR »t th* v a r i o u s Htfltti»s 
l i k # LVfifly nnd Fi»kar'»lc (??,2"5), Alb?»rtl and Comstiuuliio (2*i;, 
H.r .v^Uofi O l , ? 5 - ? 7 ) , «nd A .CUt r f l# l c ! (13,S?S). Tabl«»-2 
shows »ovp Important f*».itur«8 of t i n bftsed s y n t h e t i c inorcrfinic 
ion exchim!r<»r«. 
<li»oa|i tb«» v a r i o u s Inorg-'^nlc ton »Ttchnnw,^TS vhich *-.:iv*» 
bi»*»n pr«»p«r«*<l »o f»^r xlrconluw phospbat* I s prol3«bly, thf mctyt 
«»T!hau«tlv#lv stti'-U«»rl !«ati»rli>l both An tkt* ??t«orr;!i:j'jy nnd 
c r y s t a l Iin<^ forws. I t bus b*»#n us*»d In va r t JUS fif-l i ls , 
8p<Hsij»lly, th# nuc lpnr fl#'lc! (56-5*))« MfHsbranes of Inorganic 
Ion *»ircbf»if»rR wr^ al »o l»j>ort m t frow thp l n d u s t r t « l po in t a t 
vi**w (6 '^) , AntlcorrosliTf a<!«ltilv#»e havf» tH«**n prepared fr^m 
Inor fnn lc lor* excbanffwrs, Rpcpnt upp l loHt lons of InorfJmic 
Ion ^xcltanRfirs Inclui*^ th#* u n a l y s i s of phar»B.'«c;«»utic si 8, druen, 
rocks , a l l o y s nn6 ponticlrt((»8 ( 6 ! - 6 b ) . Soes** »jH>t t e s t «©tbort?« 
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HiTaopucTi.ow 
laorRaBlo ion •xehani^rt «r<> th# ««l l ••t«Misli»a 
• • t # r i « l s in Roalytle^l ebmi t try (1) , thrir aalB ac!v»ntax4» 
b«iiii A high «tAbility ttndl<»r •trong radiiitianc and at ml^r^tp** 
tw«p#r«ttir#ii, ithmn oo»parM with tbf» orfanle r»9in». Further, 
D^lng inorianio in nAtar«, tH«»y- oaa b«> syiith««i««d in tti4» 
laliomtory aod»r tli# ordioary eondliiana, whleh la not tli9> oaa<» 
for an orftmie sjmthasls. Tla(I¥) based laorganlo ion 
•xebanfurs (2-10) hav# alr««dy b##ii known to poaaffaa a gr^att^r 
• t a b l l l t y botb ebaale^l and tb^iwal na caaiparad to tb<> oiti^r 
•at»rlalB of tbla olaaa. Tb«y, bow#y#r, {Kiaatsa a laaa^r Ion 
#«ebani« eapaolty la gMK^rAl. Thi» pr#a<^nt atudy vaa, th#r^far#>, 
alnad tu obtain «atarla1a, irhleb ar<» anpi»rlar to atbwr Inoreanio 
Ion axohAai#ra, pr^iBrm^ oo far, in t#raa of tb#lr ion •xeban<e# 
babavlour in addition to th«*ir ehMaionl and thamal s tab i l i t y . 
Thi» following l>8K#s aiMnaarix«» tba syatb#aia, oharaoterization 
and aaalvtloal applioationa of tiB(IY) pyroaatiaoBfit^, which 
b.^ a b<»<»o found to poaa^aa a raaaoaably hifth ion oxohang^ 
eapaeity and a good atabi t l ty , fraaanoi* of aatlaony »nbanei»@ 
i t s Ian aicQbnair^  oharaetariatioa to a sr«at #xt#nt as antlaonio 
aeid and bydrat#d antiaoay oxidaa ara kaown to bav<> ,^}od ion 
avebanita eapaeity (11-16), Pr»a#noa of tln(IV) oxidas in tb#> 
natrix la pwrbapa raaponalbla for i t s gr#>at#r otabi l i ty . 
19 
th# st^nnle chlarldi* us<id in this study vaa « C.T».H. 
^^•^.) profluct, *fhil#» thm pot»8»iuB pyroat>tln<>ii»t«> w a^ e Lobi^  
Ch««i|# prortaef, 411 oth«»r r#»ag*»nt8 and chdraio^'ts wi»ri» of 
•4oalf»t fr&^^, 
Appar*itu« 
Apparatus ustpd in t h i s study sri» giv#ii b^lovt 
'*' '" i ~ ! ' ^ ^ 
SI, Studies aadft Iastruta#iit asf^ dl and i t s Mod#l/Mski* 
No. 
1. pn ii»asuri»«iHits pH aiitiir, Mod#l t l - 1 0 , t t ioo (India) 
2, Infrared absorption P#rltin-Rl«f«r, >lod#l-785 
studies 
?. Colori«i#try Baush and konb Spm»tronio-20 
sp9ntrophoto«ii»t«r 
k, ff^h Manually in Nuffl* fnmae<» 
5* X-FRy diffraetion Phi l ips x->ray diffraction unit with n 
'^-Kc.^tanK*! 
Preparation of th» raagiHit solutions 
A solution (O.ogif) of tin(IV) ehloridi* (snC1^.5HgM) 
was dissolved direct ly in T»MV. FotassiuM pyroantiOK^nato 
I[^(011)^1 was preparad in 5.8M fKSl solution. 
1— J 
20 
9ytttb»gt» of the Ion >»phang» iwttertai 
h QUttber of saRiples of t ia(IV} pjrroaotlaoaat* w»r« 
prepared by aixinp; the eolutlons of •teooic ehloride ana 
potaasiaa pjrroantiaoiiata la different valuae ratiea as glTWi i s 
Table<-3. The pH of the r e w l t l n g i^ el was fixed io the r^age O-l 
by adding aamoniiuo-bydrovide ««Lth ooontant atirrinp,, fhe e^ et 
thue obtained waa kept for 2% hoora at roow teaperature (^^>0 C| 
and f i l tered by eaetion. The eircess aoid waa renuved by vasMaf 
with J^m and the aaterial wtB dried in an a i r oven »t ^5 C, II 
was than oracked Into avail Cf^nulaa by puttiaf IA OMV, The 
granules ao obtained were of tho unifara Btzm auitabla for 
eoluBO o|J>cration. They vera oonverted into the R - f o m by 
treating with IM RNO^  for 2k hoitrt with ocenaion^l shi»kinf, 
lot e m i t tent I y raplacinf^ the eupemetant liq«iid with a freah 
aeid. Tha aatarial thne obtained vae f inal ly wtahed to remove 
the excess aelfl and then «fri»d at %5 C, It *'Ra tb#n siered 
to obtain poi'tlcles of uoiforw ni%e C5<V7? neith) before ueinr 
for further atu^iea. On the basis of Ita Ma ion e»oh?>n«te 
capacity, appearao©'* .*»nd apparfat atnhl l i ty in eclde and bao^a, 
aaaple Tf>A*>2 waa selected for a l l the investigationa. 
Ion exohaaice eapacity ( i . e . o . ) 
Tb« i . e . c , t/ns dot'jrwi.ffed oo o^tial by th** oolaiwi 
prooeaa takioiK 1 f of the exohaoirer (H -for») In H ff.tn«» tube 
of lotamal diawiotar Ci .d . ) / -^t e», f i t ted with t\»#» pjaes wool 
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at l t« bottow and naintaiainit a v<»ry slow flov r»t# ('^^0,5 mXf 
Mia). Tho total '»olo»i» of Alannt a««ftii«ary for a ea«pl«it# 
• lut lon »f 1! Ions w»» 250 » l , Tb# fifntt<»nt was t i trated 
agaiast f^ stnnditrd allcall aolutioo to find oat %Mt* total li tons 
#lutp<!. Tabl#-4 jraM?»arix«ff tb# valuf of t , « . c . for veriaus 
Mrtal ion*. 
yfff>et of #1u»nt cr?no«titr«tiott gp lh» i . » . e . 
Th# fixtMit of ffltttion was fouad to %• d#p«»ad<»fit oo th# 
eoiie«»atr«tion of th«» ^luant. Hwac ,^ a flx»d vola«# <250 « i ) 
of tH4» MTaNO. oolatioo of vaiylai^ oaoo<>oiration waa pH8a«<f 
throufh a ooltmo eoatataing 1 ft of th* #xebf»of#r k^aplng thf> 
•tandard fO.5 otl/fliia) flow rota and afflurnt waa tltratad 
agatnat DI atandard alkali aolution for th# II ioaa ^lutad oat. 
Fi|(ttr#>l and Tabl«<»5 sHow th^ a«»ottnt of H ions olutad out by 
aaini; thi» aluant of diffar«Hit eoae<Hitrations. 
Plotion b*>haviottr 
Th» eolmm eontaisiag 1 s of tha ^xohaagar in H form 
mnn fluti»d wltb ?^? !?«?K>- oolotioa baviaf the at^md^rd flow r«tf 
ae aliov#» and aav*»r*«l 10 «1 fraotiona of thf» affla<»nt w#r^ 
eoll#ctad, Th«»y w#r*» t itratad againat a atandard NaOH aolation 
aa usual for th# H ions ral^NSsad. Tli«» total volun* vaa fix«»d 
aa 290 » l , rigur«»>2 shows th* #lution behaviour of th* 
f>sehaof;«>r. 
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TABLE > h 
ton a.xcHANOt: CAIACITY o r t iw( iY) i»YitOAHTiMi>n^ \y& 
FOR VABlOliS mtAL lOliS 
1. 
2 . 
5. 
%. 
5. 
6 . 
7. 
9 . 
i l C l 
NiiHO, 
fSCl 
Cii{>IO^)g 
^r(m^)^ 
Bad 2 
mi^w, 
$1 . Metal ion Rydnited »ota l ion Ion e«;bf«ifre 
!^o. so tut ioae m d l i cfipaclty 
"5.^ 0 2.17 
2.76 2.^0 
2.32 t.<^5 
3.10 2.2 
2.00 3.12 
l.BO 3.'i4 
U50 3 .3 
4i.^3 
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•"• » ' ' 1 . 1 . ^ III I 
SI . Cooe^mtratioB of N«NK>. Ion Asohaaitt eapacity 
1. 0 ,2 1.97 
2 . 0 . * 2,tk 
5. 0.6 2.12 
*. 0 .8 2,HO 
5. 1,0 ?.«I0 
6 . 1.2 2 .*0 
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2./; 
I 1.6 
E 
E 
0.8 
0.2 0.^ 0.6 0.3 1-0 1.2 
Molar cone- of NaN03 
FfG-l CONCENTRATION PLOT OF T(N(IV) PYROANTIMONAT E 
CATION EXCHANGER. 
YAVT\': 
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100 nf of tli# f»ovd#r#d sample was diaiiolv«»d in a 
MlfiimtiB naioaiii of cone«mtr>it#d ffCl, Tlif> ftolution vat tb<»n 
ailatwd to 250 Ml with 4M HCl nnd th# Mraant of t in WAS 
d«t<»niiBM by atottdard iraTin#trie m«»tbod as fot lovst 
T*»ti>nriin«tt»n »f f in 
Tin was pr«eipitatftd with a freshly pr«|»ar«d 6< aqu«i>us 
milation of ettpf<»rron fron an aeidio solution eoolfkd at 10 c . 
It filt«>r«»d throairh a 1OB# ta«tar<» pap»r containing » s«a11 
anount of p^p^r palp* Th«k pap#r and prMSipitaios W4*r« 
thoroughly waahttd« f i r s t with 8 eold Hg®** aeld solution (1»Q) 
oontaiaing t K of eiipfarrott/litr«i and tb«»n with a oold dilat^^ 
eupf#rron solution C1g/l i tr#) , ignited and woifth^d as SnOg (17) . 
Tlotanaination of Aatiwoay 
Tb<* f i l t r a t e was analysed for th# antiMoay oont^nts 
8ft«>r d#fttroyiniK eupfp>rron with p«rohlario oeid. It was 
*w»porat»d to dryness and th# r#sidtt# was eoll«ot4»d in a w#ifh«»d 
oroeibi*, blA»t#d in a amffl^ fumae# at 900 C and w«»iihi^ d aa 
SbOg (18) . 
Chwsical Stabi l i ty 
Th«» so lubi l i ty of t in(IT) pyroantittonat* in various 
selw^nts was dati»nRia«d by th«» n«thod giw^n bMowi 
28 
200 w^ portloas e t the aattrlal w«re kept vlth 20 al 
of the solvent for 2k hoare at roo» tevpemtare with in temit tent 
•halting. AntlMony was detemlnedl qaantitntlvoly In the 
Mpematnot li^QlA aa followas 
To the 2 «1 portion of the above aottitloa were added 
1,6 Ml of tfm Rg^^ '^^^ 5 al of n reageat (11,2 g of H * 2 §, 
of aaoorhie aeid in 100 • ! water). The eolour ao developed wa« 
dilated to 10 Ml with water in » atandard volumetric flaak an4 
the ahaorl>ano« wae noasured after 2-3 fainutea at 425 ««n astninet 
a roaf,ent blanic (IQ), 
The aaoirata of antloKiny foond ia the variooa aolweata 
after the above treat«eot are given below. The aMotmt diaaolved 
to ppoi ia ahown in the paraatheaeat 
T»HW M.71) , IM CHjCOOTT ( f , 1 l 5 , J?M HCl (:?.'>«5), 4M nCl 
(%.07), in nno^ (o .77) , zn imo^ (1 .02) , k^^ mo^ ( m ? ) , IM n^so^ 
(1 ,24) , ?M H^m^ i2jik), iM nCIO^ (0 .68) , ilM WIO^ (0.94) , 
O.IM KaOH (0 ,98) , IM K«^ fO.(^), i% lOm (fU2l), iT'! HW^NO 
(0 .21) . It was dissolved appr«oi»My In 0.t?f ^M. 
B^ Titratioaa 
plf t i trat ions ware |>*>rfora«d by tlj«i wHttl.ol of Topp and 
Pepper (20) , 500 mg of the eicchanger were pincod ir» each o l 
the aeveml 250 ml oonioal f lasks, followed by the squlaolar 
•olntiona of a lkal i aad alkaline earth netal ohlari'i@8 aad 
the ir hydroxides in different volume rat ios , ta« fiaal volaae 
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1>#inf 50 n l to «a lnt» l i i th«i ion ic a t r M g t h eoastant . Tlii* pfi 
• f thft tol t t t ions vas r»eord#d afti»r i»i|t i i l lbriue and wan plot ted 
agaiaat thp Hi l l i«qoiT»l(»f i t« of th» O H " ioaa «<1d«»«l as ahowa 
i n Figur<»»3» 
ThgTwat s t a b i l i t y 
$»T#ral 1 i portions o f th# axehttngpr »»i»ra haatad at 
various taoiparatnraa i n a m f f l a fnniae* , and t ^ ion #xehnnf# 
oapneity vaa d#tar«iin#d aa al>ov# by tha eolawn prooaas a f t a r 
eooting th^ai to th^ roo» tanparatura . Tba r a a a l t s ara ahovn 
in Ta1»lf^6« 
IB Stadiaa 
Tha I « apactra o f t i n ( I V ) pyroantlatoaeta and t inClV) 
antiwonata (2) *ar«» tftltan by tha KRr t»lac »a th jd as shuvn 
in Fl|;ur'»»-*i, 
TharBiosrtiYipatric analyaig ( T G A ) 
50 Mi of matar ial i n H forw waa takaa for 1'GA, I t waa 
don» manually In n wuf f la f u m a c s Vaight loss was racardad 
on haat in^ ttia natf»ri<ii1 nt f l i f farwat tacparaturas for t huur 
aacb. Figur«*«^ shows t h ^ paroant wai«'ht loss agaluat 
tamparntura. 
R is t r ibo t iop Stn*!ia» 
T»iatrl!»otion atudiaa w#»ra p(i»rfor«Ead on n s:m^la of 
30 
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TABLE » 6 
or TINUV) I'YWOA!ITI>CMAT$ 
S I . r««siperatttre Tl»« of Na - i o n ""^  Reten t ton AppcMirance 
No, ^ heatlni^ 0?tohani|« (Colour) 
i C) (hour ) cftpaulty 
( •oq /d ry g ) 
100 White 
100 Vtii te 
85.ih! White 
^1 .66 Yelloi^ 
*0 .83 P t r t y yel low 
62 ,50 Briitht y»1low 
22.<^1 Llpht yellow 
* . 
2 . 
3 . 
4 . 
5 . 
6 . 
7 . 
8 . 
%5 
100 
2f!iO 
400 
600 
ft 00 
%00 
«?00 
1 
1 
1 
t 
1 
1 
4 
k 
2,%0 
9.%0 
2 .05 
1.90 
1 .00 
0 . 9 8 
1 . 5 0 
0 . 5 5 
3Z. 
ttia(IV) |ifroflotl»onati» (TP4-2) for dlffi»rwit «i»tal Ions in 
•arlouB iiolvi»nt8 an followst 
JJOO wg of th# «iToba»ii<>r biMitts in H fone w#r# • q a l l i -
%rat#d with th» •#lf)et#4 sotT^nts (2f> n l ) eith#r by stiakine 
V * bourn or lr«»«»piniE i t «t room t9«poraturii for 2^ tiours. Th<» 
initift l ffi#tal Ion oonemitration was so a(f,tn»t#4 that i t aay 
not «s»«»«»d 34) of thi» total ion «aolsaai# oapaeitsr of th# »at«rlal 
and tb# d#t*raination w^r* oarriwd out volunatrioally using 
'f^TK as t i t rant (21) whil«» tha oonoantr»tion of alkal i «<»tal 
ions was dutorainiNt by th# flani«> pteotoai»t<»r. 
tbf» K. values as suoBsariziH) io Tabli»-7 v^r# obtainad 
by tba for«ula~ 
«. • ^ » ? ( . » / « ) 
*(rb<»r»»-
X • In i t ia l n8x>unt of th«» nf»tal ion in tha e l a t i o n phas* 
r • Finisl uinoimt of thi* ai«>tal ion in thf> solution |^ as*> 
V «• Volui»«» of tha solution ( » t ) 
A • A»ount of tba axehaasar (ft). 
Saparations achjyvad 
Tha 6r»-100 »psh 3l«**f5 ptr t lc las of th*- axoh'mipar 12 e) 
in II foiii war*' usfd for tha ealui»ti aapar^tion in a glass tuba 
bavlnf HB infcarnal dla«#»t*»r of/^^O.S ow, Th«» colnim was vaahad 
•^ 
3 ^ 1 
r* 
I 
•/i 
2 
CK 
:43 
I 
> 
X 
M 
f -
•JR 
M 
•J 
^ 
t ! M 
i 
O 
4* 
oia 
X 4> 
•o 
o s 
8 
o 
t 
^ 
o le 
c 
l! ^ 
35 
^ ^o % '^o % % % 
f^ ^m 1)4 V* Ti im ^m 
M M M M M M M M N 01 
0^ «0 |A * * i n ^ 
«i. «t. "^ ^ Hi. *i. ^i* 'V '^'k ^  ®* o o o o o o o o o o 
M M M K M M M X M M 
\ 0 «H vO 1 ^ 
o o o o o o o o o o 
B yp e* 4r B o 
• • • • • • 
« cj \j> r» r* w 
O 
• 
• » 
s 
• 1H 
pi 
I T 
• V0 «s 
« cw ©1 ci 0} w CM jw ei CM 
o o e o o e o c c o 
« 0 0 4 r o i ^ t f v O « 
r* m KN W 
e o o o o o o o o 
I T ^ 
et 64 •»•* Ci 64 M © © C C O © © % ©^ %> n 
• 4r 
•!_ 
^ 
^ 
£ 
• 
«« 
1 ^ 
C 
<m 
• 
«^  
• (M 
M 
O 
• • 
1 ^ 
• 
r\ 
ei 
c 
r* 
^ 
• 
>0 
• 
•H 
<M 
O 
•« 
s 
• 
•* 
0) 
C 
n^ 
K 
^ 
• 
r> 
• 
*^ 
M 
o 
« i « 
i? 
• 
r« 
C4 
o 
« i « 
4* 
• 
r-
• 
r» 
a 
Qi 
« 
« 
* 
r* 
ct 
o 
«M 
M 
C 
• 
r* 
• C4 
Ot 
c T * 
1 ^ 
• I T 
M 
C 
»^ X 
1 ^ 
• ITS 
• Cl 
© 
w 
c IF* 
© 
• JT 
• 
^n 
M 
e 
• i » 
s 
• 1 ^ 
w 
vtf 
1 
• 1 ^ 
• XJO 
ei 
o 
w* 
• 
so 
r* 
c 
•«> 
4P 
• 
r* 
• K^  
1M 
o 
•• 
• im 
ot 
O 
>(* M 
ITS 
• 
r* 
© o o o e © © c c c 
* c r> o e •9 tf^ 
«^ r- r* r» «^ 
M »^  
ID u 9 S ^ i ^ i 
9 
> 
m § 
KN 
i 
8 
I 
< 
c ^ 
• o csr 
r* 
r? 
*- e 
• 
r-
<N 
C 
tr* 
K 
r-
T * 
ig 
• 
V9 
e i 
o 
*^ 
•< 
r* 
C-' 
M 
• QB 
M 
C 
*^ ¥ 
r^  
C-i 
« 
r* 
Gl 
C 
•*• i 
r^ . 
5 
• 
4> 
9i 
e 
• i 
H 
rv 
*• 
m 
• 
M 
« 
C 
»^ It 
«M 
e-i 
1 
e« 
o 
^^ f 
m 
C O 
p. 
A 
4>» 
% *1D % o^ *^ o n. 
¥f m n K « ^ 
^ 
r* - €4 
C4 Oi <M 
o o o 
w o o 
o 5 O 
4" 
o 
»" 
o is 
1^. 
© 
«i4 
M 
o 
• 
flC 
ot 
o 
»>« 
H 
VN 
• 
tr-
ot 
c 
*^ 
M 
o». 
• 
« 
t l 
o 
<••! 
H 
»»» 
• 
r* 
I N 
c 
»p» 
M 
t * 
• 
\o 
« 
o 
•^ 
M 
<M 
ft 
t t j 
r> 
o 
• H 
H 
e« 
• 
CD 
Ci Ci CJ 04 « * »^ 
o o o c c c o 
K 
C 
• 
«N 
£ 
• VO 
M 
c 
• OD 
>« 
c 
• 
•^ 
1* 
t ^ 
• M» 
K 
•Ni 
• Oi 
M 
c-« 
• ff5 
OS Oi 01 Oi Oi 
o o c c c 
OI Oi oj « OI r*. r* 
c c c C' c o e 
^ i? I <? 
• • • • 
r* ^o jf tr^ • * i * 
E 
• tJ 
0^ 
• Ob 
ti Cv! CJ OI Ot * 
C & C O C 
\0 
M 
OP 
It—' • » " " T - ^ 
K If K 
T- C ^m 
C! 
'S •*> Ol 1^ Ci * 
c c c c c c 
M M K 
C C ' C 
• • • 
OP S0 00 
c 5 if 
Ci 
36 
(B 
s 
e 
M 
o 
1MB 
r 
4» 
ft. 
37 
thoroughly with !>!!¥ ana th# Mixtur* to bo ••paratod wa» loaded 
ott I t , ««int«iaiai a flow rat«» of /vy2-3 drop«/wtii, Th«» 
•oparation wan «ohl< v^fKl hy paasing a wiitahlA oolvf^nt through 
til* eoliKsn as «»luant and th* «i«tal ioaa in th# «ffluiHat w<»r«> 
d«t#r»ln«d <|aatttitatlv4»ly by «1^A t i t ra t ions . Th«» aaliftnt 
f#atar#a of thm aoparatidna of Al(IXI) from r h ( I l ) and Pa(III) 
•n t ia(IV) pyroaatiaoQat# arp mtaauirispd in Tahti»*8, 
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PISCPSSIOM 
tb« mtdrla l synth«si««dl in th««6 studieti, tlB(IV) 
pyroantlnonate (TFA) shovs noao unumial f«atur«8 as ao ion 
oaohaag«r. I t shows a swporior eatioa 9iB0hatig9 oapaoity 
(2.4 aoq/dry g) as oovparsil to the othar t&n(IV} basad •a tar ia l s 
(Piiura*6) and has a itigh raprodooiMllty lo i t s ioa««3C0haiiKa 
Ix^aviour. I t i s highly stahLe both ohanically aad tharmally 
(Table*6). As the rasults show only a nagl ixihlo aaoiant of TfA 
i s dissolirad in th« various solvents out of tha 200 «« takao 
for i t s oh««i08l s tab i l i t y in oaeh axparini^it. ChaMical 
a tahi l i iy has baen studied on the basis of tha aatisK>ay 
dissolved in various solvents* 
Figura-7 and 7able-9 point to an erwouraginf faature 
of this oosipound. Thay indioato a k2% ratantion of tha ion 
eaohanga oapacity of i'PA aveu at 600 C, ^11 oh i;^  rr^atisr than 
for any other t in( lV) banad «»terial pr%iM*rei\ sa r>ir, T i a d i ) 
pyroaatinuaata prepared for ooati^arlaoa alisa sliO%s aa intarior 
oharaotaristioa in th i s regard. 
The Qolosn alution exporiaants indicate a d«p<mdanee of 
tha ooneantr^itioR of the eluant on the rate o f alution as shova 
in fifurcH-l which i s « usual bahnviour for such nntartals. The 
sBininua nolnr oor>c<*ntration of NaKO. an aluant i s IM for the 
•axinnisi alution of I! ions fro» a ooluan of 1 g of TF.4. The 
olution i-s qixitn fg»t as la r®pra8«mted by Pi|?ur*-'2 whioh 
iodioatas al«K)st eoapleta alution of the metal ion fro« i t s 
oolmm in tho f irst 90 sil of ths affluent. 
40 
|rt) t i trat ion eorrct obtained ander oqultlbrlBH ooadltloai 
«r« ohovn in Fifiir«>3 for LiOH/LlCt, KaOH/HaCl, 8DH/HC1 and 
G«(0n)2/CaCl2 oystentt. Thos« studieo are different fro« others 
general ly aade on atioh Material a. The noraial proetiee baa b^on 
to perfofiM tbe pB-titration mder a non ecinilibritta prooeae (2) . 
Aa i t ia olear frwa tbe f i fore , tbe inf lect ion point for tbe 
oaebanKe of a lkal i aetata reaeaiblea v i tb tbe i . e . o . obtained 
i . e . 2.4 aieq/dry ft . pR t i trat ion oarve for Ce^^, bowever, 
doea sot abow any iof teet ion point porbapa dne to tbe adaorptio-
ion eseb»nge prooeaa geini on in tbe aatr ix . Caloius may forai 
an inaolitble i^oapbate ilTing an nnvwially wibanood adaorption 
on the aurfaee, aa anpported by tbe bigb i . e«o . for tbia 
•e ta l ion, 
0o the baaia of tbe ohewieal analyaia and T6A atadies 
oonpled with tbe IR apeotra, a teotatlTa foraale of tbe ooapound 
•ay be aniireoted aa fellowot 
[(Sn0g).(Hg9b20g)2.ilHj^] 
r 
OR 0 0 OB 
Sb-O-'S^ S« .Sb-OoSb 
I i \ o / \o /^i I 
on 0 0 Dif 
• oHgO 
Aeauning tb^t at 100 C only tbe external vater noleoulea 
are loat , the 6^ loaa represented by the TOA oarre muat be d«e 
41 
to tb» lo«fi of i^JD fro* tho above structure. Thus If M. i« 
takon as the «ol«oalar weight of tb« dohyrlrated watertal 
premmnbly obtained at 100 C, thea the total Molecular vei|;ht 
(M) naet be equal to (N^ '*- iBa), 
Froa the above etrooturo N^ •• 833»7^ 
Thffl Molecular weight (H) • (853.7* • 18n) 
• • , The peroimt weight lose •» /' ' ^ "^ '^  »;•' • 6 
(853.7* • 18tt) 
(Aecording to the 
thiBrwofrraM) 
So the Material appears to oontaia approxi»ately 3 water 
Moleoalea per Moleoula. 
The IR spectra oonfira the presence of OH groups and 
external water Molecules in addition to the Metal oxides 
(SnO and SbnO.) present in the material (22) . X-my studies 
point out the asiorphous nature of the TPA ssMple prepared as 
no peaks are observed by the diffraotion pattern. 
The distribution studies indicate that Tl'A i s highly 
seleotiwe for lead which i s i t s Most striking feature. Vhen 
the separation of lead fro« other Metal ions was tried i t was 
obserrad that lead WHS t o t a l l y adsox%ed and i t s leaching was 
not possible eren in kU nci • kH HCl used »s »n eluant. It 
May be due to the forMation of insoluble lead pyroaotiMonate 
Ui 
•n the stirf^oe. Lead aatinonate bee already been studied at 
e« Inorganle ion eaohaafer (23)* However, the oth@r eoapoaente 
of the ftixture oottld l>e eeperated vithin the reaeoneble mm^ 
of error (j^ S* )^. T^e experiaieatat detai le of a repreeMitetiire 
eeperatlon of Al ( I I l ) froR P)>(II) are given in Table-8. The 
• e t er i e l eaa, therefore, be u t i l i s ed for the quaotitative 
eeperetion of lead frov the eolutioas ooat^iniog other netol 
ioae. It i s an inportent aspect of TTA ns It oay be useful 
in the study of onvironnreatat pollution. Another blaery 
separatioa tried on the TPA ootuan has beua A l ( I I l ) - r e ( I I I ) , 
the sa i l ant featoree of whioh are also euoMBarisod in Tablo-fi. 
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SnPAd^ ^Tin(IV) pyroanlimonate. 
SnSePP >Tin(IV) seLenopyrophosphate. 
SnSb ^Tin(IV) antimonate-
SnPSi >.Tin(!V) phosphosilicate. 
SnP j^ TindV) phosphate. 
SnPACH) >.Tin(II) pyroantimonate. 
SnAsSb ),Tin(IV) arsenoantimonate. 
SnMoSl . yTin(IV) molybdosilicate. 
SnEDTA j^SnllV) EDTA. 
SnPA >l SnSb i SnP ^SnAsSb^ SnEDTA 
( I ) SnSePP SnPSi SnPA(n) SnMoSi 
Inorganic ion exchangers ^ 
F1G.6 A COMPARATIVE STATEMENT OF THE ION EXCHANGE 
CAPACfTY OF VARIOUS INORGANIC ION EXCHANGERS. 
45 
-O-
- • -
-A-
_TIn(IV) pyroantimonate 
-Tindi) pyroantimonate 
••rin(fV)antimonate 
^ TinClV) phosphate 
(D TinCIV) arsenophosphate 
• Tin(IV) tungstate 
0 TindV) molybdate 
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200 /iOO 600 
Temperature 
800 000 
FfG- 7 EFFECT OF HEATING ON THE l-EC- OF VARIOUS 
INORGANIC fON EXCHANGERS. 
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